We study the constraint structure of antisymmetric tensor fields interacting with non-Abelian vector fields using Dirac's procedure, and it is shown that both first class and second class constraints exist in the theory. The equations of motions and Dirac brackets of various fields are constructed using the second class constraints.
Introduction
Antisymmetric tensor fields [1] have come up in various areas of Physics, as mediating fields in String theories, in discussions on Black Hole theory. Also, these fields have been considered to play an important role in alternate mechanisms for generating masses for gauge fields. Antisymmetric tensor fields are also the subject of duality mechanisms, which explore their equivalences with other theories.
In this paper, we make a constraint analysis [2] of these interacting theories. We begin with a brief discussion of the Abelian theory of antisymmetric tensor field [3] interacting with a vector field. We next consider the non-Abelian theory [4] , at its constraint structure. The presence of second class constraints leads to defining and construction of the Dirac brackets for the various field quantities.
Abelian Interaction Theory
The Abelian antisymmetric tensor field [3] B µν interacting with a vector field A µ is described by the Lagrangian density,
with
This Lagrangian is invariant under the separate gauge tranformations
with η and ξ µ as parameters of these transformations.
Constraint structure of Abelian Theory
Using the Lagrangian above, the canonical momentum fields are π µ and π µν for the A µ and B µν respectively. Then the canonical Hamiltonian is
The constraints of this system are
The above constraints are all of the first class; these are the generators of the gauge transformations given above. The theory can be handled further by standard methods such as gauge fixing, followed by canonical quantisation of path integral methods.
It has also been shown that this Abelian interaction theory is equivalent to the Proca model [5] .
The non-Abelian Interaction Theory
The non -Abelian Antisymmetric tensor field [4] (B a ) µν interacting with vector field (A a ) µ is described by,
where using the covariant derivative (
The above Lagrangian is invariant under the gauge tranformations, A However, the Lagrangian is not invariant under
This is unlike the Abelian case. This non-invariance is due to the non-Abelian nature of the fields.
The equations of motion for the fields are,
Hamiltonian and Constraint Structure
In phase space, the canonical momentum fields π 
with all other Poisson brackets being zero. In the second line, the right hand side is due to the antisymmetric nature of the tensor fields B aµν , π b ρσ .
The primary field constraints obtained are,
The canonical Hamiltonian, directly from the Lagrangian is,
The secondary and tertiary constraints are obtained by requiring time independence of already existing constraints with respect to the canonical Hamiltonian; we get,
There are no more constraints. The full set of constraints are,
This set of constraints given earlier define a constraint surface Γ in the phase space.
Following Dirac's procedure, we can classify all these constraints as below:
The Poisson brackets of the constraints π a 0 ≈ 0, π a 0i ≈ 0 with all the constraints vanish. Among the remaining constraints we have,
We see that π 
In Dirac's procedure, the total Hamiltonian includes a combination of all constraints,
with the µ corresponding to the second class constraints can be determined (on the surface Γ)
corresponding to the first class constraints, cannot be undetermined, indicating the presence of gauge invariance in the theory. The Hamiltonian is,
Dirac Brackets
The presence of second class contraints in this theory indicates Dirac brackets can be defined. To do so, we first rearrange all the second class constraints in the following way,
Then we construct the Poisson brackets,
from which we have a block-diagonal matrix A,
with the sub-matrices E and B given by
The inverse of this A matrix is,
The Dirac bracket for any two variables C and D is,
The non-zero Dirac Brackets are
All other Dirac brackets are Zero.
These Dirac brackets replace the corresponding Poisson brackets in variou calculations, so that the second class constraints are no longer considered. For quantisation, the Dirac brackets are considered to be taken over to be commutators, so that the quantised theory also has no second class constraint operators.
Conclusion
We have considered two interacting systems, one involving Abelian fields, and the other with non-Abelian fields. Both theories display gauge invariance, implying the presence of first class constraints. But the constraint structure of the non-Abelian theory is more complicated. Second class constraints are also present. These are removed by constructing Dirac brackets, which here are found to have complicated expressions. The resulting quantum theory is also expected to be complicated. One possible way to avoid this is to convert the second class constraints into first class constraints. This may result in an enlarged gauge symmetry in the theory. Work is proceeding in this direction.
